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5emi-^o5s powder coating compositions. 

Hie present invention relates to powdered tfaermosetting campositiQns comimsing as 
binder a co-reactable particulate ntixture of a carbosiyl group containing amorphous 
S poljrester, a gjycidyl group containing acrylic copolymer and a curing agent having 
functional groups, reactable with the po^^tef' caibos^l groups* The invention also 
relates to the use of said compositions for the preparation of powdered paints and 
varnishes which give semi gloss coatings -with an adjustable gloss, providing an 
outstanding flow, excellent mechanical properties, good solvent resistance and 
10 weathering. ^ . 

At the present time, powdered thermosettiiig compositions are widely used for coating 
the most various articles. Today the majority of these coating compositions prcsvlde 
coatings having a high glloss alter fusion and curing which is in feet very often equal to 
or even greater than 90%. 

15 There is an increasing demand for powdered paints and varnishes which provide 
coatings of good quality and with a reduced gloss, for essample for coating certain 
accessories in the automotive industry, such as wheel rims, bumpers and tiie like, or 
for coating metal pan^ and beams used in construction. 

Various methods for manufacturlrig powdered paints and varnishes that provide matt 
20 coatings, have been proposed. 

According to one of these methods, powder coating coiqpositlQns ccnnprl^ing as a 
binder a co-reactable mixture of a carbox/l group containing amorphous polyester and 
a gbrddyl group containing acrylic copolymer are proposed and disclosed in a number 
of patents. 

25 For instance, U*S. PaL No. 5.436,311 describes a low ^oss powder thermosetting 
compositions compzlslng as a binder a mixture of a linear carboxyl group containing 
polyester and a gtycidyl group containing acrylic copolymer. The polyester has an acid 
number of 20 to 50 mg KOH/g. The acrylic copolymer has a number average 
molecular v/eight of from 4000 to 10000 and is obtained from S to 30% by vreight 

30 gLyci<tyl acryiate or glycidyl methaciylatfi and 70 to 95% by weight of methyl 
methacrylate whereby up to 25% by weight of the methyl methacryiate can be replaced 
by another vinyl monomei-. 

U.S. Pat. No. 5,407.706 describes a powder composition which provides low gloss 
upon curing. The composition comprises CA) a resin comprising from 10 to 90% weight 
35 of an acrylic resin having a viscosity of 100 to 800 poises at 140"*C that is obtained by 
polymerising lO to S0% weight of glycidyl acryiate or glycidyl methacrylate with 90 to 
S0% wel^t of a copolymeiisable monomer and 90 tji 10% weight of a furthv acr^c 
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resai having a viscosBy of 1000 to 5000 p<dses at 140'C that is prepared from defined 
comanam«B. and (51 a po^c add compound having a ^scosity of lOO to 2000 
poises at 140«C. The equivalent ratio of the glyddyl groaps to the acid groups of the 
poiiybasic add compound may be from l-S to 0.5. 
5 U 5 pat. No. 5.744.522 describes a powder coating composition having a 60' gloss of 
less than s*out 60 which contains WJ a glyddyl group containing acryHc copolymer 
having a weight average molecular wei^t of from 2000 to 20000. (B) an aromatic • 
caiboxyUc add group cant^g polyester with an add number of from 10 to 300 mg 
KOH/g and CO a partictdar isocyanurate curing agent having carboxyl groups or 
10 derivatives thereof. ^ 

US Pat. NO. 6,310,139 deals with burnish resistant low gloss powder coating 
compositions comprising tA) a polyester having hydroxyl and carbwiyl groups chaiac- 
. tensed by an acid and hydro^ number of from 10 to 30 mg KOH/g. and a g^ass 
txansition temperature of less than 56-C. CB) a gjyddyl group containing acyhc 
15 copolymer having a number average molecular weight greater than SOOO and CO a 
blodted isocyanate derivative for leading vrtth the l^rdn^yi groups of the polyester 
resin. • 

Despite the existing variability of these binder systems, the coatings derived an are 
subject to one or more disadvantages or shortcomings, mainly attributed to flejdbiUty. 
20. gloss level or reproducibility. 

m now. powder coating compositions comprising as a binder a mi^e of a glycidyl 
group contaimng act,^ copolymer and a carbo^cylic acid group containing amorphous 
polyesber. whether ornot in combination with a additional curing agent, allow for 
-dead matt- characteristics, which is indicated by a gloss as measured at a geometry 
25 of 60- according to the ASTM D523 standard of from 0 to 10%. 

When hl^er gloss levels are aimed for. the mixture of different ^dyl grmip 
containing acrylic copolymers is suggested, as for example in U.SJPat. No. 5.407,706 
or U.S. Pat. NO. 5.744.S22. nevertheless not without the typical drawbadts such as 
gloss reproduclbUity. 

30 It now has been surprisin^y found that by using as a binder a co-reactable particular 
tnixture of a carboxyl group containing amorphous potyester and a ^yd^l group 
containing aciyUc copolymer along vrtth a stoechlometric- excess of a curing agent 
having functional groups readable vrtth the polyeateiB' carboscyllc add groups, it is 
possible to obtain powdered thermosetting compositions which produce coatings with 

35 a reduced gloss in a reliable and leprodudble x»ay. along ^vtth good flexibility and 
solvent resistance. Moreover It has been observed that a variation of the 



. UCB IPD 



19/06 '02 16! O S FAX 3 2_2_55q^fc . UCB IPD MDNCHEN @009 



stoechiometrlc eaxess of the reactive groups of the curing agent rdattve to the glycldyl 
groups of the aayUc copotymer. allows for an adjustable gjoss levd. between about 10 
* and 70 as measured at a geometry of 60*" according to the ASTM D523 standard In a 
reproducible way, 

5 Thus, according tD the present invention there are provided ne^ theimosetting coating 
compositions comprising as binder a mixhire of a carboayl group containing 
amorphous polyester, a gLyxdidyi group containing aciylic copolymer and a * curing 
agent having functional groups readable with the poljrester carbossylic acid groups, 
characterised In that 100 parts by weight of this binder comprises: 
10 ' - 40-0 to 90.0 parts by weight of a the caibo;<yl functional amorphous polyester 
composed of jftxim 50 to 90% mole of terephthalic acid or Isophthalic acid or 
their mixtures and from 50 to 10% mole of an aliphatic, cycloaliphatic or 
aromatic polyadd other than terephthalic acid or isophthalic acid or their 
mixtures, referring to the polyacld constituents, and of from 50 to 100% mole 
15 of neqpentyl glycol or 2-butyl-2-ethyl-l,S-propanediol or their mixtures and 

j^nom O to 50% mole of another aliphatic and/or cycloaliphatic polyol, referring 
to the polyol constituents; 

10.0 to 60.0 parts by weight of a gtyddyl group containing acrylic copolymer 
having a number aveia^ molecular weight of at least 5000 and composed of 
20 10 to 90% mole of a gtycidyl group containing monomer and from 90 to 10% 

mole of other monomers copotymerisable with the gty^cfyl group containing 
monomers; and 

- 0.5 to 15.0 parts by weight of a curing agent having functional groups 
reactable with the polyester's carboyylic add groups. 
25 At the contrary of EP 00128097, the compositions of the present Invention does not 
contain a carbos^l group containing semi-ciystalline polyester. 

The carboxyl functional amorphous polyesters of the present invention haye an add 
number from IS to 100 mg KOH/g and preferably from 30 to 70 mg KOH/g- 
Ihe carbo3^1 functional amorphous polyesters further are charactBrised by: 
30 - number averaged molecular weight ranging from 1 100 to 15000 and preferably 

from 1600 to 8500. measured by gel permeation chromatography (QPC); 
- a glass transition temperature fX0 from 40 to SO?C, measured by Differential 
Scanning Calorlmetry according to A^TM D3418 .with a heating gradient of 
20^*0 per minute: 

35 - an ICI (cone/plate) viscosity accordingly to ASTM 04287. measured at 200*C 

ranging from 5 to 15000 mPja.s. 
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The acid constituent of the amorphous polyester, according to the present invention, 
is fbr SO to 90% mote composed of an aromatic diacid, sdected from terephthaUc or 
isophthalic acid or their mixtures, and for 10 to S09t mole of another diacid consti- 
tuent selected from one or more aliphatic, cydoaliphatlc or aromatic pofyadds. such 
5 as fumailc acid, maleic add. phthalic anhydride, l,4-cyclohexanedicarb03<yUc acid. 
1.3-cyclohexanedicarboxyllc acid, l,2-cyclohexanedicarbox)rlic acid, succinic acid, 
adipic acid, glutarlc acid, pimellc acid, suberic acid, azealic add, sebadc acid. 1,12- 
dodecanediolc add. trtmeUitic acid or pyromellitic acid, etc. or the corre^ondtog 
anhydrides. 

10 The gb^ol constituent of the amorphous polyester, according to the present invention, 
is for SO to 100% mole composed of neopentyl gtycol or ja-butyl-2-ethyl-1.3" 
propanediol oir thdr mixtures and fbr 0 to S0% mole <tf another potyol constituent 
sdected from one or more aliphatic or cydoaliphatic potybls such as ethylene gltycal. 
propylene glycol,* 1,4-butanedlol. 1,6-hexanediol. 1,4-cyclohexanedlol. 1.4-cyclo- 

15 hexanedimethanol, 2-methyM,3-propanediol. 2-butyl-2-ethyl-I,3-propancdlol. 
hydnigenated Bisphmol A. hydroxyplvalate of neopentyl glycol, trlmethylolpropane, 
ditrimethylolpropane, pentafirythiytol, etc - 

The carboa^lic add group containing amorphous polyesters, according to the present 
invention, are prepared using conventional esteriBcatlon techniques well known in the 
20 art. The polyesters are prepared according to a procedure consisting of one or more 
reaction steps. 

For the preparaUon of these polyesters, a conventional reactor equipped with a stirrer, 
an inert gas (nitrogen) inlet, a thermocouple, a distillation column connected to a 
water-cooled condenser, a water separator and a vacuimi connection tube is used. 

25 The esterification conditions used to prepare the pofyesters are conventional, namely a 
standard esterification catalyst, such as dibutyltin oxide, dlbutyltin dflaurate, n- 
bulyltin trioctoate, sulphuric add or a sulphonic add, can be used in an amount from 
0.05 to 1.50% by weight of the reactants and optLonaUy. colour stabilisers, for 
cKample. phenoUc antioxidants sudi as hrganox lOlO (ObaJ or phosphonite- and 

30 phosphlte-iype stabilisers such as tributylphosphite. can be added in an amount from 
0 to 1% by weight of the reactants. 

Polyesterlflcatlon is generally carried out at a temperature which is gradually 
increased from 130'C to about 190 to 2S0-C. jBrst under normal pressiire, then, when 
necessary, under reduced pressure at the end of each process step, while inaintaining 
35 these operating conditions until a polyester is obtained, which has the desired 
hydroxyl and/or add number. The degree of esterificaaon Is followed by determining 



19/06 '02 16:09 FAX 32 2 55 



UCB IPD 



MUNCHEN @011 



5 

the amount of water formed in the course of the reaction and the properties of the 
obtained potyests, for example the hydra?^! number, the add nunibor, the molecular 
weight or the viscosity. 

When polyesterlfication is complete, cross-linking catalysts can optionally be added to 
5 the poj^yester vrlMe it Is sUl in the molten state. Ibese catalysts are added m order to 
accelerate cross-llnldng of the thermosetting powder con^ositlon during cuxing. 
Examples of such catalysts include amines (e.g. 2-phenylimida2:oline). phosphines.(e.g. 
triphenylphosphlne), ammonium salts (e.g. tetrabuiylammonium bromide or 
tetrapropylammonivim chloride), phosphonium salts (e-g. ethyltriphenylphosphonium 
10 ^ bromide or tetrapropylphosphonium chloride). These catalysts^ are preferably used in 
an amount of 0 to 5% with respect of the weight of the polyester. 

The gjtycidyl group containing acrylic copolymers of the present invention have an* 
epoxy equivalent weight of 0.3 to 6.0 and preferably from 1.0 to 4.0 mllliequivalents of 
15 epo3sy/gram of polymer. 

The glycldyl group containing acrylic copolymers are further characterised by: 

- a number avera^d molecular weight ran^g from 5000 to 25000 and 
preferably from 10000 to 20000; 

- a glass transition temperature CT^ from 40 to SS^C, measured by Differential 
20 Scanning Catorimetiy [DSC), according to ASTM D3418 with a heating gradient 

of 20*C per minute: 

- an icr (cone/plate) viscosity determined by the ICI method at 200''C ranging 
from 60 to 50000 mP^s; 

25 The gjyddyl group containing monomer used in the acrylic copolsnmer of the present 
iirvenflon is used in mole percentages ranging from 10 to 90 and is selected from^ for 
exan^le, g^tycldyl acxylate. glycidyl methacrylate, methyl gtyddyl methaotylate. mettQrl 
gbrcidyi acrylate« 3,4-epoxycyclohe7^Imedvl[meth)acrylate and acrylic gtycidyl ether. 
.Itiey can be used singtsr or in combination of two or more. 
30 The other monomers copoltymerisable with the gZycidyl group containing monomer are 
used In mole percentages ranging from 10 to 90 and are sdected from: 

40 to 100 mole percentage of acrylic or methaciylic ester monomelic sucli as 
methyl acrylate. ethyl acrylate, n-propyl accylate. isopropyl acr^ate. n-butyi 
acrylate. n-decyl acrylate. methyl metfaacrylate. ethyl methacrylate. n-propyl 
35 methacrylate, isopropyl methaciylate. n-butyl ' methacrylate^ isobutyl 
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methaciyiate. n-anqrl methaaylale. n-hejiyl metJiaciylate. iaoamyl 
xnetbaayiate. allyl methacrylate, sec-butyl metiiaciylate. tert-butyl 
meOiaciylatB. Z-deayVtnxt^ metharatylate. cdnnarayl methaciyiate. crotyl meth- 
anylate, cydoheayl xxiclhacrylate. cyclopeniyl methaciyiate. methalfyl metha- 
5 aylate. n-octyl methacrylate. 2-etlorlhe3syi methaciyiate. 2-plxenylethyl 

me^liacxylate and phenyl methaciyiate. 
. 0 to GO mole percentage of other ethsdenlcally unsaturated copolymerisable 
• monomers such as styrene. alkyl-substttuted slyrenea and.chloro-substituted 
slyrenes. aciylonitrlle, vinjd diloriae-and vinyildeaie Huorlde and vinyl acetate. 
10 The gljfcldyl group containing acryUc copolymer is prepared by conventional 
polymerlsatloni techniques, either in mass, in emulsion, or in solution to an organic 
solvent. The nature of the aohrent is veiy Uttle of Impartance. provided that it is Ii^ 
and that it readier dissolves the monomers and the syzifhesised copolymer. Suitable 
solvents include toluene, ethyl acetate, butyl acetate, siylene. etc Hie monomCTs are 
15 copolymeriaed hi Itoe presence of a free radical polymerisation Initiator (benzoyl 
peroxide, dibutyl peroJdde. azo-Ws-isobulyronitnie, and the like) In an amount 
r^resenting 0. 1 to 4.0% l>y weight of the monomers. • • 

TO achieve a ^d control of the molecular w«ght and its distifbuticm. a dtiain transfra- 
^^gBnt. prefeiably of the mercaptan type, such as n-dode«gtoerca.ptan. t-dodecanethioL 
20 Iso-odylmeicaptan. or of the caibon hallde type, sudh as carbon tetrabromide. 
bromotrlcbloitenetfaane. etc, is also added in the course of the reaction- The chain 
transfer agent is used to amounts of up to 10% by wight of the monomers used in the 
copolymerlsation. 

A cylindrical, double walled reactor equipped with a sBirer. a condenser, an inert 
25 (nitrogen, for example) inlet and outlet, and metertog pump feed systems is generally 
used to prepare the glycldyl group containing aciylic copolymer. 

Polymerisation is carried out imder conventional conditions. Thvis. -wbsa 
potymensation is eanie«? out in solution, for example, an organic solvent Is introduced 
toto the reactor and heated to. reHux temperature under an inert gas atmo^here 
30 friltrogen. carbon diosdde, and the likej and a homogeneous mixture of the required 
monomers, free ladical polymerisation initiatCHr and chato transfer agent whai 
needed, is then added to the solvent gradual^ over several hours. The reaction 
mixture is then matotained at the indicated temperature far some hours, while stir- 
ring. The copolymer obtatoed is subsequently fieed from the solvent to vacuo. 
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The cuiing agent having functianal groups reactable vdOi tibie polyesters* carboo^ 
groups is sdected from a po^epo^ compound and/or a p-hydrcs^allsylamide 
containing compcaind. 

The potyeposqy compound, wfaidi is solid at room temperature, contains at least two 
eposqr groups per molecule such as for example, trigtyddyl isocyanuiate like the one 
marketed under the tradename of Araldite PTSIO or the mixture of digtyddyl 
terephthalate and triglycldyl trimeUitate, like the one marketed under the tradename 
of Araldite PT910 or Fr912. The p-hydr02cyalkylamlde containing compound answers 
the general structure as represented m Formula I. 

O O R,R, 



[ho- 



— 


*3 











Rg Rg 



F On]n 



Fomiulal 

Wherein: 

• A represents a mono- or polyvalent oigaxiic group derived from a saturated or 
unsaturated aOsyk group with 1 to 60 carbon atoms, or an axyl group, or a 
trialkene amino group with 1 to 4 carbon atoms per allsylene group, or a cafboa^- 
aQceiqrl groups or an alkoxy carbonyl'*aIkenyl 

• Ri represents faydrogeru an aOkyl group with 1 to 5 carbon atoms or a hydrw^ralkyt 
group with. 1 to 5 carbon atoms 

• Fa and Ha are the same or dlEBsrent and each indepenf^y represents l^drogen. or a 
straight or branched alkyl group with 1 to 5 carbon atoms, while one of the groups 
Ra and one of the groups Ra may also form, together with jthe adjacent carbon 
atoms, a cyclozdl^l group. 

In a preferred embodiment of the present invention, the curing ^gent having 
functional groups reactable with the polyesters* carboxylic acid groups^ is a P- 
hydrorcyall^lamXde according to Fcrasula II 



25 



30 

r' 

f 
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HOCHCH^ O O ^CHgCHOH 

HOCHChT [bH,CHOHj^ 
Fonnulall 

Where n is between OJZ and about 1. and Ra Is an hydrogpaa (Pitoid XLS52 Crom EMS) 
5 or a . methyl group CPrtaildgM1260 from EMS). 

The thermosetting powdered composition of tkiz present Invention, comprises a binder 
wtiit4i,forlOO parts by weight, is con^osed of: 

- 40.0 to 90,0 and prefcraMjr 60.0 to 80.0 parts by weight of the caiboxyl 
iunctionalised amorphous polyester 
10 - 10.0 to 60.0 and preferably 20.0 to 50.0 parts l»y w^t of the gbrddyl group 

containing aciyltc copoljrmcr 
. 0.5 to 15.0 and preferab^ 2.3 to 12.0 parts by vr^t of the curing agent. 

In addition to the essential components described above, compositions within the 
15 scope of the present inventtan can also tadude flow confrol agents such as Resiflow 
PV5 (Worlei!). Modaflow tMOnsanto), AcronaJ tBASF). etc.. and degasing agpnts 
such as benzoin (PASFl eta. lb the formulation UV-light absorbers sucih as Tinuvin 
900 (Ciba). hlnderai amine light stabilisers represented by Ttauvin 144 (Ciba). other 
stabilising agrots sudi as Ttauvin 312 and 1130 (Clba). antioxidants such as Irganwc 
20 1010 (dba) and stabiUsers from ttie phosphonite or phosphite type can be added. 
Both, pigmented systems as wen as (dear lacquers can be prepared. 
A variety of and pigments can be utilised to the composition of this invention. 
Examples of usefkil pigments and dyes are: metalKc oxides such as titaniumdloxide. 
itonoslde. aSncoiide and the like, metal hydroxides, metal powders, sulphides. 
25 sulphates, caitoonates. silicates such as atnmonlumsiUcate. carbon black, talc china 
day. baxytes. iron blues, leadblues, organic reds, organic maroons and the lIRe. 
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The components of tibe composition according to the Invention may be mixed by dry 
blendjng in a mSxsr or blender (e.g, dnan nUxer). The premix I3 then homogenised at 
temperatures ranging from 70 to 150°C in a single screw extrvider such as the BUSS- 
Ko-Eneter or a double screw extruder such as the PKISM or APV. The extrudate. when 
cooled down, is ground to a powder with a particle size ranging from 10 to 150 pm." 
The powdered composition may be deposed on the substrate by use of a powder gun 
such as an.^ectrostatic CORONA gun or TRIBO gan. On the other hand weU known 
meUiods of powder deposition such as the flxiidised bed technique can be used. After 
deposition the powder is heated to a ten^perature between 160 and 220'C, causing the 
particles to flow and fuse together to form a smooth, imiform, continuous, uncratered 
coating on the substrate sur&ce. 

The following erampl» are submitted for a better imderstanding of the invention 
without being resbicted thereto. 

15 Example I : Synthesis of a caifoosQrlic ac^d group containing amorphous polyester 

422.30 parts of neopenfyl glycol is placed in a conventional four neck roimd bottom 
ilask equipped with a stirrer, a distillation column connected to a water cooled 
condenser, an inlet for nitrc^en and a thennometer attached to a thennoreigulatDr. 

20 The flask contents are heated, while stirring under nitrogen, to a temperature of circa 
1 WC at which point 573.15 parts of terephthalic acid. 30.17 parts of adipic acid and 
1,25 parts of n-butyltintrioctoate are added. The reaction is continued at 240*C under 
atmoaphcrtc pressure unta about 959^ of the theoretical amount of water is distffled 
. and a transparent hydirayl functtonalised prepolymer with following characteristics is * 

25 obtained : 

AN =7.6mgKOH/g 

OHN = 56.e mg KOH/g 

ICli75'c(cone/Hatd « 2200 mPa.e 
To the first step prepolymer standing at 200''C, 110.14 parts of Isophthalic acid Is 
30 added. Thereupon, the mixture is gradually heated to 230'a Alter a 2 hour period at 
230''C and when the reaction mixture is transparent 1.0 part of tribu^phosphite and 
1.0 part of n-butyltlntrloctoate is added and a vacuum of 50. mm Hg is graduaUy 
appUed. After 3 hours at 230°C and 50 mm Hg. following characteristics are obtained : * 



35 AN 



35.5 xng KOH/g 
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QHN = 2.5 mg KOH/g 

lopoo-c (Cone/Hate) = 5000 tnPa.s 
Tlxe carboy functionalised polyester is cooled down to IBO'C and iiie «sin 
dischaxged. 



Accordingly the procedure as described in example 1 the polyesterB of examples 2 to 4. 
answeringthecomposltlonastatatolel. are prepared. . - . 



1 


Example 2 \ 


Example 3 [ 


Example 4 (*) 


step 1 —rr.-. r 




neopentyl gjycol 


431.0 


. 378.1 


411.8 


trlinethylolpropane 




30.9 




isophthaJlc acid 




36.9 




terepb.tha]ic acid 


632-6 


548.2 


537.3 


adipic acid 






■ 59.7 


acid number, mg KOH/g 


12 


11 


S 


hydroxyl numlier, mg KOH/g 


51 


68 


42 


viscosity (175'C) 


2990 


3150 


2940 



10 



step 2 








isophtballc acid 


48.5 


88.2 




adlplc add 


28.6 


50.7 




trimellitic anhydride 






119.5 


add number, mg KOH/g 


22 


48 


69 


hydroxyl number, mg KOH/ g 


•a 


4 


7 


viscosity ©00°C) 


, 7500 


5800 


2980 


Mn 


1 5600 


2700 


3200 



n For the preparanoa of the polyester of e^le 4.. the reaction of trtmellltic 
anhydride with the first step prepolymer is done at 190-0 under atmospheric 
conditions. After two hours at 190»C the resin is discharged. 

• » 
'I 
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B^mple 5r FrepaiaUoA of the gl7cid!yl group containing aciylic copolymer 

80 parts of n-butjfl acetate are brought in a double walled flask of 5 1 equipped with a 
5 stirrer, a water cooled condenser, an inlet for nitrogen and a thermacoiqile atta(3ied to 
a thermoregulator. 

Tbe flask content is then heated and sticred continuously .whfle nitrogen is piirged 
through the solvent. At a temperature of 125*C a xnixfcure of 0.8 parts of tert- 
butylperosQrbenzoate in 20 parts of n-butyl acetate are fed In the flasik during 213 
10 mintltfis with a peristaltic pump. 5 minutes after this* stext another pxmip is started 
with the feeding of a mixture of 22 parts of styrene, 24 parts of glycidyl methacrylate. 
40 parts of butyl methacrylate and 14 parts of methyl methaciylate. dxuing ISO 
minutes. The synthesis takes 315 minutes. 

After evaporation of the n-butyl acetate an acrylic copolymer with following 
15 characterisUcs Is obtained: 

ICI viscosity @200°C . 16000 mPa.s * 

Mn ISOOO 

Mw 38200 

Accordingly the procedure as described in example 5, the acrylic copol^ymers of 
example 6 and example 7, answering the compositions as in table 2. werxs prepared. 



Table 2 





escample 6 


eacample? 


styrene 


12 


22 


^ycidtyl methaciylate 


24 


24 


butyl methaciylate 


20 


40 


methyl methacrylate 


44 


14 


n-butyl pero^benzoate . 


2.0 


0.6 


Mh 


9300 


22600 


Mw 


20400 


52400 




11000 


30000 



I 



I* 
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•nxe polyesters and aayUc copo^^mers as Ulustrated above, are then fonnulated to a 
5 powder aeconJingly to the white paint fonnulation as given bdow. 



White paint ibnnula.tion 



Binder 74.00 
I&tmos 2310 24.67 
Resifionr PV5 0.99 
Benzoin 0.34 

■me powders axe prepared first by diy blending of the diflferent components and then 
by homogenlsatlon in the melt using a PRISM 15 mm L/D .15/ 1 twin screw odruder at 
an extrusion temperature of 85»C. The bomogpnised mix is then cooled -and ground in 
an Alpine UPEIOO. SubsequenUy the powder is sieved to obtain a particle size between 
10 and 110 pm. The powder thus obtained is deposited on cold rolled steel, by 
electrostatic deposition using the GEMA - Volstatic PCG 1 spray gun. At a Hm 
thickness behveen 50 and 80 pm the panels are transferred to an air-ventilated oven. 
15 vohere curing proceeds fbr 18 minutes at a temperatxire of 200»C. 

The paint characteristics for the finished coattags obtained firon the white powder 
ftimulation as given above, are reproduced in table 3 [Example 9 to 17). 
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Table 3 





Polyesta- 


GMA-actylic 


Cuiing 
agent 


GSoss 
60" 


DI 


Rl 


Solvent 
Resistance 




Es. 1 
70.9 


Ex.5 
24.B 


XL552 
4.2 


10 


2Q0 


200 


100 


Ex.10 


Es. 1 
69.5 


Ex. 5 
24.3 


XL552 
6.2 


20 


200 


200 


120 




Ex.2, 
78.6 


Ex.5 
18.3 


XLS52 
3.1 


55 


160 


160 


120 


Ex. 12 


Ex. 4 
53.0 


Ex. 5 
43.3 


XLS3Z 
3.7 


25 


. 160 


160 


100. 


EX13 


Ek. 4 
49.4 


Ex.5 
40.4 


XL552 
10.2 


40 


120 


100 


120 




Ex. 1 
71.0 


Ex. 5 
24.8 


gM1260 
4.2 


40 


100 


100 


100 




Ex. 1 
70.2 


Ex.5 
24.6 


TGIC 
5.2 


45 


160 


160 


120 


Bx.16 


Ex. 1 
72.4 


BX.B' 
25.4 


XL652 
2.2 


68 . 


•- 200 


20O 


120 


Eatl7 


Ex.3 

61.3 


7 

35.7 


XLSS2 
3.0 


51 


200 


200 


140 



In this table: 

5 Column 1 : indicates the identification number of the formulation 

Column 2 : Indicates the type and quantLty in w€fght% of amorphous polyester' 
Coluxon 3 : indicates the type and quantity in weights of acrylic copolymer 
Column 4 : indicates the type and quantity in weight% of curing agent 
Column 3 : indicates the 60" ^oss, measured according to ASTWT DS23 

10 Column 6 : Indicates the direct impact strength according to ASTM D2794. The 
highest impact which does not crack the coating is recorded in kgxm 
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Colunm 7 : indicates the reverse impact strength accorxJing to ASTM D2794. The 
lUgb«t impact viWch does not crack the coating is lecord 

. column 8 : immbcr of t^fold rubbing movements (to and fro) vrith a cotton pad 
impregpated vdth MEK which does not detrimeatany affect the appearance 
5 of the surface of the cured flhn 

• The coatings as obtained from the powder formulations of example 9 to 17. aU pit»ve 
to have a nice smooth finish with an reproducible reduced ^oss level. 
Besides, good £l«dbia(y and solvent resistance, the finishes obtained have an 
outstanding resistance to burnishing i.e. th^ do not change gloss upon tnaxrtng. 
iO scratehlng or rubbing. * _ 



I 

f • 
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Claims 

1) Hiermosettixig coating compositions compilslng as binder a mixture of a carboayl 
group containing amorphous polyester, a gjiy^dyl group containing acrylic copolymer 

5 and a curing agent having functional -groups reactable ^vlth the polyester caiboo^lic 
add groups, characterised in ihat 100 parts by wed^t of this binder comprises: 

- 40.0' to 90.0 parts by wedgbt of a the carbo^cyl functional amorphous po^'ester 
composed of bom 50 to 90% mole of terephthalic acid or isophthalic add or 
their mixtures and from 50 -to 10% mole of an aliphatic, cycloaiiphatlc or 
10 aromatic pol^dd other than terephthalic acid or isophthallc acid, referring to 

the poltyacid constituents, and of from 50 to 100% mole of neopenty! glycol or 
2~buiyl-2-ethyl'1.3-propanedial or their, mixtures and. firom 0 to 50% mole of 
another aliphatic and/or cydoaliphatlc polyol. refening to the polyol consti- 
tuents: 

IS - > lO.O to 60.0 parts by T^retght of a giycidyl group containing aciylic copolymer 

hav&ig a number average molecular wei^t of at least 5000 an.d composed of 
10 to 90% mole of a glycidyl group containing monomer and from 90 to 10% 
mole of othw. monomers copolymerisable ivtth the glycidyl group containing 
monomers; and 

20 - 0.5* to IS.O parts liy wei^t of a curing agient havlzig functional groups 

reactable vdth the polyestec^s caibostylic add groups. 

2) Binds compositiQn according to daim 1, characterised in- that the the aliphatic, 
cydoaliphatic or aromatic potyadd other than terephthalic add or isophthalic add 
composing the carboTcyl functional amorphous polyester, is selected from the group 

25 comprising fumaric add. maldc add, phthallc anh3rdrlde, 1.4- 

cyclobexanedlcarbo3^c add. l.S-cycloheranedlcarbojQrlic acid, 1.2-qyclohexane- 
dicarboxylic add. sucdnic add, adiplc add, glutaric add. pimelic add,, suberic 
add. azealic add, sebadc add. LlZ-dodecanediolc add. trimelUtic add. pyromel- 
litic add. or the corresponding arifaydrides, and the other aliphatic or 

30 . cydoaliphatic polyol Is selected from eOi^ylene glycol* propylene ^ycol. 1.4-butane* 
diol. i.6-hexanediol, l,4-qnclohe3canedio1, l,.4-cydohe3canedimethanoL 2-meth3^- 
1.3-propanediol,* tqnlrogenated Bisphenol A. hydro^^nP^valate of. neopentyl glycoL 
trlmethylolpropane. ditrimethylolpropane. pentaeryttuytol. 

3) Bindor composition according to ariy of daim 1 or 2, characterised in that the 
35 carboxyl functional amorphous polyester has following properties: 



02 16ai_FAX.32_2_5S^ PCB IP1> MDNCHEN @022 



16 

. an add number from 15 to 100 mg KOH/g and pnrfEraU^y from 30 to 70 mg 
KOH/g: 

- a number averaged molecular vrei^t ran^g from 1100 to 15000 and 
preferably firom 1600 to 8500; 

5 - a glass transition temperature tig) from 40 to 80»C: 

- an ICI tcone/plat^ viscosity at 200-C langjng firon 5 to 15000 niPa.8. 

4) Binder composition according to aiqr of claims 1 to 3. characterised In that the 
glyddyi group containing monomer Is selected from gfereldyl aciylate. glycKlyl 
methaaylate. methyl gtyddyl metfaaciylate. methyl glyddyi aciylate. 3,4-epo«y- 
10 cydohesyhnethyl tmetWaoytete and aoyUc ^dyl ether, used sin^y or in 
combination of two or more, and the other monomers copdymerisable with the 
gty^dyl group contedning monomers is sheeted from: 

- 40 to 100 mole percentage of acrylic or methacrylic ester monomers such as 
methyl aoylate. ethyl actyiatc, n-propyl aciylate. isopropyl acrylate. n-butjd 
15 acryiate. n-deeyl acrylate. methyl methaciylate. ethyl methacrylate. n-propyl 

methaciylate. isopropyl methacrylate. n-butyl. methacrylate.. isobulyl 
methacrylate. n-amyl methacrylate. n-hexyi methacrylate.. Isbamyl 
methacrylate. altyl methaciylate. sec-bui^yl methaciylkte. text-butyl 
methaciylatB. 2-eihylbutyl methacrylate, dnnarnyl methacryiate. crotyl metha- 
20 crylate. cydohestyl methacrylate. cydopentyrl methacrylate. methallyl methacry- 

late. n-oclyl methacrylate. 2-ethylhexyl methacrylate. 2-phenylethyl 
methaciylafce and phetiyl methacrylate. 
. 0 to 60 mole percentage of other ethylenicaHy imsaturated copolymerisable 
monomers such as styrene, alkjrl-substituted styrenes and chloro-substituted 
25 styrenes. acrylonltnie. vinyl chloride and vlnylidene fluoride and vinyl acetate. 

5) Binder composition according to any of claims 1 to 4. characterised in that the 
glydd^ group contaSniog acrylic copolymer has following properties: 

- a number averaged molecular weight ranging from 5000 to 25000 and 
preferably from lOOOO to 20O0O 

30 - a glass transition temperature trgl from 40 to SS-C, measured by Differential 

Scanning Calorimetiy (PSq. according to ASTRA P3418 with a heating gradient 
of 20''C per minute 

- an ICI [cone/plate) viscoslly determined by the ICl method at 200-C ranging 
from 60 to 50000 inPa.s 



'02 le :12 FAX 32 2 SS^^fl 



UCB IPD 



MDNCBEN @ 



10 



17 

eO Binder composltiozL according to any of claims 1 to S, diaracterl$ed in that the 
curing agent is a p-hydn»yan^laxnide containing compound. 

7) Binder coxiq>osltian according to any of claims 1 to 6 characterised in that the p- 
hydroj^g^alkylamide containing compound has at least one and preferably two hfs(p- 
hydro2syaIIg^iajacdde}-grcnaps^ 

8) Binder composition according to any of claims 1 to 7» characterised in that 100.0 
parts by weight of binder is substantially based on: 

- 60.0 to 80.0 parts by wdl^t of the cazbo?^! functlonallsed amorphous 
polyesten 

-'^ 20.0 to 50-0 parts weight of the ^yci(^l group containing aciyllc copolymen 
2.3 to 12.0 parts by wei^t of a P-hydroxyaUqrlaniide curing agent 

9) Thermosetting powder compo^tion containing: 

- tfaeblnder of claims 1 to8 

- UV*]l^t absorbers and/or hindered amine U^t stabfllsers 

15 - flow control agent - • , 

- degassing agent. 

10) Themiosetting powder composition of claim 9 for use as a clear lacquer. 

]Ll)lliennosetting powder composition of cdalm 9 further containing pigments, dyes, 
fillers. 

20 12) IhennosetUng powder composition of claims 9 to -l-l being applied by an 
electrostatic or &ict£on charging spray gun. the fluidised bed technique or others. 

13) 11;iemiosetting powder composition of claims 9 to 12-as:a coating for metallic and 

non-metallic sui&ces. 

14) Entir^ or partially coated substrate, characterised in that the coating material 
25 used is a thermosetting powder coating composition according to claims 9 to 13. 
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•me present invention relates to powdered thermosetting compositions comprtsing as 
binder a co-reactaWe particulate nflxtMie of a caibc«yi group containing amorphous 

5 pd^ester. a ^dyl group containing acylic copolynier and a cuilng agpnt ha^g 
functional groups, reactable with the polyester' carbwqrl groups. The invention also 
relates to the use of said compositions for the preparation of powdered paints and 
varnishes which give semi gloss coatings with an adjustable gloss. pro^^idIng an 
outstanding flow. exceUent mechanical properties, good soWent resistance and 

10 weatheilng. 
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